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TITLE; IMPROVEMENTS TN OR RFJ.ATTNG TO PARTI CLE DETRrTOT?,^ 

Field of the Invention 

This invention relates to apparatus for detecting charged particles and in particular to 
apparatus for detecting charged particles in a gaseous environment. The invention also 
relates to a scanning electron microscope incorporating such apparatus. 

Background to the Invention 

There are occasions on which it is necessary to hold specimens in a gaseous environment 
during imaging in a scanning electron microscope. Examples include imaging of 
biological or non-conductive specimens. The gaseous environment inhibits the evaporation 
of moisture from the biological specimens and dissipates surface charges from the non- 
conductive specimens, which charges would otherwise accumulate to the detriment of 
image resolution. 

Use of a gaseous environment to amplify a secondary electron signal obtained during 
imaging of a specimen is described in US Patent 4,785,182 (Mancuso et al.), European 
Patent EP 330 310 (Electroscan Corp.) and PCT Application No. PCT/GB97/03136, in 
which secondary electrons released by the specimen as a result of interaction with a 
scanning electron beam are accelerated through the gaseous environment, some of the 
secondary electrons colliding with the gas molecules making up the gaseous environment. 
The collisions ionise the gas molecules to release further electrons, some of which collide 
with other gas molecules to release yet further electrons. The avalanche of electrons 
released by the ionisation of the gas molecules as a result of such collisions in effect 
provides the amplification of the secondary electron signal. 


PCT/GB97/03136 describes apparatus which detects the amplified secondary electron 
signal by using a photodetector and photomultiplier to detect photons emitted as a result of 
the collisions of the electrons with gas molecules. 

However, as the gas pressure is increased, the strength of the secondary electron signal is 
reduced since the gas reduces the proportion of the primary beam which reaches the 
specimen. This correspondingly limits the maximum gas pressure at which the microscope 
can create an image. 

In scanning electron microscopes in which the specimens are held in a substantially 
evacuated environment during imaging, it is well known to detect the secondary electrons 
using an Everhard-Thornley detector. In such a detector the secondary electrons are 
accelerated towards a scintillator to convert them into photons which are transmitted to a 
photomultiplier. 

The Everhard-Thornley detector has been found to be relatively sensitive, but uses a high 
voltage to establish an electrostatic field in which the secondary electrons are accelerated 
towards the scintillator. In a gaseous environment, too high a voltage would be sufficient 
to cause a discharge through the gas. 

Summary of the Tnvenfinn 

According to a first aspect of the invention, there is provided apparatus for detecting 
charged particles, the apparatus comprising a chamber for receiving said particles and 
being such that, in use, at least a partial vacuum is maintained in the chamber; an impact 
responsive sensor for detecting particles incident thereon, at least the part of the sensor on 
which the particles are incident being situated in the chamber; accelerating means for 
providmg, in the chamber, an electric field for accelerating charged particles therein 
towards the sensor and electrically conductive barrier means sealing the chamber in such a 
way as to prevent die passage of gas into the chamber, to allow said partial vacuum to be 
maintained, the barrier means being sufficiently thin to enable the charged particles to be 


detected to travel therethrough, and being electrically isolated from the accelerating means 
so as to be capable of being maintained at a different potential from the latter. 

Thus, if the apparatus is used in a gaseous environment, the accelerating means can 
generate a large electrostatic accelerating field without causing an electrical discharge in 
the gas in the environment as the barrier means, when connected to a suitable voltage 
source, prevents a field of the same magnitude passing through the barrier means. The 
large accelerating field makes the apparatus very sensitive to said particles. 

Furthermore, where a secondary electron signal from a specimen in the chamber of a 
scanning electron microscope is amplified by collisions with gaseous molecules in a gas 
amplification collision zone, the number of the electrons produced as a result of this 
process is far greater than the number of photons emitted by the collisions within the gas. 
Since the apparatus is sensitive to charged particles, such as electrons, it is especially 
suitable for detecting a gas amplified secondary electron signal. In addition, the apparatus 
can be used to detect a secondary electron signal generated in a vacuum, since secondary 
electrons generated under those conditions can be accelerated towards the inlet by the 
application of a suitable voltage. 

Preferably, the accelerating means comprises an electrically conductive member situated 
on or adjacent the sensor, and means for connecting said member to an accelerating 
voltage. 

Preferably, the sensor comprises a scintillator for emitting light in response to the impact 
of a charged particle therewith. 

Preferably, the scintillator incorporates said electrically conductive member. 

The sensor may conveniently comprise an Everhard-Thornley detector. 

The barrier means conveniently comprises a membrane of metallic foil, preferably 
aluminium. 


4 


An aluminium foil is both cheap and a good conductor of electricity, making it particularly 
suitable for use as a membrane. Furthermore, due to the low atomic number of the atoms 
constituting the foil, electrons with a kinetic energy of about 500 eV may penetrate the thin 
aluminium foil. 

Preferably, the aluminium foil is of a thickness of 7.5nm. 

Preferably, the barrier means further comprises support means which extends across said 
inlet behind the foil to support the latter against pressure exerted on the membrane by gas 
outside the chamber. 

Preferably, the apparatus further includes an electrically conductive cage mounted in front 
of, but electrically insulated from, the barrier means, the cage being connectable to an 
accelerating voltage for drawing particles towards the barrier means, the cage being so 
constructed as to allow the passage of particles therethrough. Where the apparatus is being 
used as a secondary electron detector, a positive voltage can be applied to the cage to move 
the gas amplification collision zone in the specimen chamber towards the apparatus, thus 
further increasing the sensitivity of the sensor. 

The apparatus may to advantage include a pump connected to, and operable to evacuate, 
the chamber, and preferably includes voltage application means for applying a first 
accelerating voltage to said electrically conductive member and a second accelerating 
voltage of the same polarity as, but lower than, the first accelerating voltage, to the barrier 
means. 

Preferably, the voltage application means is also operable to apply to the cage a further 
voltage, of the same polarity as, but lower than, the second voltage. 

The cage may to advantage be part-spherical or ellipsoidal. 


The invention also lies in a scanning electron microscope having a sample chamber for 
holding a sample to be imaged in a gaseous environment, generating means for generating 
a scanning beam of electrons and directing said beam onto a sample in said sample 
chamber, wherein said chamber also contains detecting means for detecting secondary 
electrons emitted by the sample, said detecting means comprising apparatus as hereinabove 
described. 

Preferably, the electrically conductive member and barrier means are connected to a 
voltage application means for applying a voltage of +10 kV to the member and of 0 to +1 
kV to the barrier means. 

Preferably, the apparatus includes a cage as hereinabove described, the voltage application 
means being operable to apply a voltage of approximately +300 volts thereto. 

The apparatus can be used when there are substantially no gases in the sample chamber 
since the secondary electrons from the sample will be accelerated towards the barrier 
means. 

Brief Description of the Drawings 

The invention will now be described, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic cut away view of an electron microscope and of detection 
apparatus in accordance with the invention; 

Figure 2 is a schematic sectional view of the apparatus; 

Figures 3a and 3b are views of electrically conductive cages for attachment to the 
apparatus; 


Figure 4 is a schematic cut away view of detection apparatus in accordance with the 
invention with an electrically conductive cage attached thereto. 

Detailed Description 

The scanning electron microscope of Figure 1 comprises a specimen chamber 10 for 
holding a specimen 12 in a gaseous environment, generating means 14 for generating a 
scanning beam of electrons and apparatus 16 for detecting secondary electron signals 
produced at the specimen by the interaction of the specimen and beam of electrons. 
Generating means 14 is provided with an outlet port 11 for connection to a pump for 
evacuating the generating means. Specimen chamber 10 contains an intermediate chamber 
17 provided with a first differential outlet port 13 and is provided with a second 
differential outlet port 15. Intermediate chamber 17 and differential outlet ports 13 and 15 
isolate the gaseous environment in the specimen chamber from the vacuum in the 
generating means. 

The generating means 14 is described in detail in, and illustrated in figure 2 of, PCT 
Application No. PCT/GB97/03136, which is incorporated herein by the above reference. 

The working distance of the scanning electron microscope, that is the distance between the 
generating means 14 and the specimen 12, is 5 mm. 

The specimen 12 and apparatus 16 are shown in detail in Figure 2. Detecting apparatus 16 
comprises a chamber 18 which seals an Everhard-Thornley detector from the gaseous 
environment of the specimen chamber and which has an outlet port 28 connected to a 
turbopump (not shown) for evacuating the chamber 18. The Everhard-Thomley detector 
comprises a transparent SnO layer 20 onto which is coated a scintillator 22. Light from the 
scintillator 22 is fed via a quartz light pipe 24 to photomultiplier 26. 

The chamber 18 also has an inlet 19 which is sealed by an aluminium foil membrane 30, 
and is situated directly in front the scintillator 22. 
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The aluminium foil membrane 30 is approximately 7.5 nm thick. An equation for the 
approximate range of electrons of low energy in materials of low atomic weight has been 
derived by Kanaya and Okayama (Penetration and energy-loss theory of electrons in solid 
targets, J.Phys.D., 5, 43-58, 1972), this being 

range = 0.0276AEo*-'V(Z'-^^V) m 

where Eq = energy of electrons (keV), 
A = atomic weight, 
p = density (g/cm^), 

Z ^ atomic number of the atoms constituting the material. 

The range of electrons in pure aluminium varies according to the equation above from 0.6 
nm at 100 eV to 28.2 nm at IkeV. The aluminium foil membrane 30 is connected to a 
variable accelerating voltage source of up to +1 kV. Secondary electrons and avalanche- 
generated electrons are accelerated towards the aluminium foil by the field resulting from 
the accelerating voltage applied to the foil and the majority gain sufficient kinetic energy 
(of the order of 1 keV) to pass through the foil, which is approximately 7.5 nm thick, to 
enter the chamber 18. That voltage also causes gas amplification. 

The scintillator 22 is connected to an accelerating voltage supply of approximately 10 kV. 
Electrons which pass through the foil are accelerated towards the scintillator 22 by which 
they are converted to photons. The scintillator 22 is connected to light pipe 24 which 
conducts the photons to the photomultiplier 26. 

Figure 2 also shows the process of gas amplification of a secondary electron signal, 
showing the scanning electron beam 32, the approximate location of a gas amplification 
collision zone, the path 36 of a secondary electron and the path 34 of a back-scattered 
electron. The collision zone 35 comprises a region of the specimen chamber between the 
sample 12 and the apparatus in which region the majority of collisions between electrons 
and gas molecules occur as a result of the electric field due to the accelerating voltage 
applied to the aluminium foil membrane. The path 36 of the secondary electron is shown 
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intersecting with the path of a gas molecule 38, which as a result of the collision, releases 
electrons which follow paths 40 and 42, The electron following path 40 is accelerated 
towards the aluminium foil membrane, passes through the membrane and is accelerated 
towards the SnO layer and scintillator. Also, electrons released in the aluminium foil (not 
shown), by collision, are also accelerated towards the SnO layer and scintillator. The 
electron following path 42 is accelerated towards the aluminium foil but collides with gas 
molecule 44, which produces two electrons which follow similar paths 46 through the 
aluminium foil membrane into the chamber. 

The aluminium foil membrane has a mylar^ backing (not shown) which enables the foil to 
withstand the pressure difference across it due to the gaseous environment outside the 
chamber and the substantial vacuum within. The aluminium foil membrane may 
alternatively be reinforced by a grid structure inside the chamber and across the inlet 
thereto. 

Figure 3a shows a first design of the electrically conductive cage which may be mounted in 
front of, but electrically isolated from, the aluminium foil membrane. The second design 
comprises an annular connecting member 48 with a depth of 7 mm and a diameter of 25 
mm to which are attached the open ends of three loops 50. The longest loop measures 30 
mm from the curved end to the annular member 48. The cage shown in Figure 3b is 
similarly constructed and has similar dimensions but the loops are reinforced by a number 
of hoops 52. The cages are connected in use to an accelerating voltage supply of +300 V 
which has the effect of drawing the gas amplification collision zone in the specimen 
chamber closer to the aluminium foil membrane, thereby improving the sensitivity of the 
apparatus. 

Figure 4 shows apparatus with an electrically conductive cage 60 attached to the 
aluminium foil membrane 68, As in previous embodiments the apparatus comprises a 
scintillator 62, light pipe 64 and photomultiplier 66. Also shown are a source 54 of a 
prunary electron beam and a stub 56 upon which a specimen 58 is held. The diameter of 
the stub is 12.5 mm and the stub is designed to acconmiodate a specimen measuring up to 
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5 mm at its widest point. The distance between the curved end of the electrically 
conductive cage, that is the point nearest to the specimen, and the specimen, is 5 mm. 



